Abstract. Kaedah A is a fend off technique engaged in Seni Silat Cekak Malaysia, upon confronting a punch force exerted within the vicinity of the thorax area. Hitherto, there is still lack of biomechanical analysis on the execution of Kaedah A. Therefore, this study aims at analysing the effectiveness of Kaedah A based on the total execution time as well as to describe the kinematic characteristics of the hand movement upon its execution. The experiment was carried out by means of motion capture. Microsoft Kinect was utilised to detect the hand movement whilst the post processing of the captured motion was performed via Virtual Sensei Lite. Kaedah A was executed five times by an experienced Seni Silat Cekak Malaysia practitioner to investigate the accuracy and repeatability of the system. The data obtained serves as an input for the trajectory mapping for both initial and end point identification. The time difference, ∆t between the points demonstrates that the total time execution for Kaedah A is less than 0.1 s. Further analysis involves filtering the coordinate data obtained in order to generate the polynomial function of the hand movement during the execution of Kaedah A. It could be concluded that the Kaedah A execution has the features of a ballistic movement. The findings provides useful data for reliability prediction as well as further enhancement of the Kaedah A itself.
Introduction
A punch is targeted to defeat an opponent at a controlled distance in the shortest time possible and often the time for a punch to reach its target is about 0.1 s [1] , [2] . The reaction of an opponent towards a punch varies from evading, grabbing, fending off or even merely being stunned. The estimated minimum theoretical time taken for a normal human to react is 0.18 s which is essentially the summation of the minimum time for each of the following phases; i) realisation of the stimulus (0.05 s), ii) selection of an adequate reaction (0.05 s) and iii) start movement (0.08 s) [2] . This suggests that, the ability to defend from this type of offensive movement is almost impossible.
Seni Silat Cekak Malaysia (SSCM) is a Traditional Malay combat oriented art that engages 99% of its fighting skills on defend techniques. SSCM practitioners do not evade upon managing attacks as they fend off effectively and move forward. There are four different type of fend off techniques that serves as first moves in every defensive move in SSCM, viz. Kaedah A, Kaedah B, Kaedah C and Kaedah D. All of the aforementioned methods are able to avert attacks depending on the location of the point of attack.
Kaedah A is a fending off move that is initiated upon averting a punch within the vicinity of the abdomen area. Fig. 1a and Fig. 1b depicts the initial and final positions of the hand upon execution of this technique, respectively. Nonetheless, there is still lack of biomechanical analysis of the execution of Kaedah A has been reported. The understanding on the fundamental mechanics of human hand motion for the aforementioned move is non trivial as it aids on the reliability prediction as well as enhancing the effectiveness of this technique.
A common body movement which includes the punching motion are ballistic in nature [3] . This is generally due its ability of smooth uninterrupted motion, increasing speed and the impulsive propulsion that leads to a simple trajectory path by the associated body parts [4] . This quintessentially suggests that to avert a punch effectively, the counter technique must as well be ballistic in nature. Motion capture systems may be considered as one of the most suitable means to study human motion as this method could provide the possible trajectories in scrutinising the kinematics observed in martial arts [5] .
This study employs an innovative and inexpensive 3D markerless motion analysis software known as Virtual Sensei Lite and also the utilisation of Microsoft Kinect. This study aims at examining the effectiveness of Kaedah A based on the total execution time as well as to describe the kinematic characteristics of hand movement upon the execution of Kaedah A.
Methodology
Subject. The study involves a Seni Silat Cekak Malaysia practitioner of 11 years' experience. The subject is a 30 years old male, 169 cm of height and weighs 80 kg. Protocol. The motion capture system comprised of a Kinect sensor that is able to capture motion operating at a speed of 100 fps with the distance between the sensor and the subject is approximately 2.5 m. Virtual Sensei Lite is able to track for up to fifteen body landmarks movement, however in the present study only the left hand landmark movement was analysed. The subject was asked to perform the fend-off technique for five times and the movement was then captured by Kinect and the post processing of the data was performed on aforementioned software.
The average of the five repetitive execution motion along the abscissa and ordinate axes are taken as the average biomechanics algorithm of Kaedah A for the subject. This algorithm is used to describe the kinematics of the motion. The trajectory mapping method was performed in order to identify the initial and end points of the movement. The initial point, i t is the point where the hand starts while the end point, f t is located at the intersection of the hand with the punch line of action (determined earlier by placing the hand at the attack concentration point). The interval time between these two points is considered as the total time of the execution of Kaedah A. X t 2a 6a t 12a t 20 a t
This study adopts the use of the spline curve fitting method along with the residual analysis via MATLAB as the data smoothing and filtering method. These equations are required to illustrate and describe the hand motion upon executing Kaedah A. Figure 2a and 2b illustrates the positional, velocity, acceleration and jerk against time graphs of the hand movement upon the execution of Kaedah A along the X and Y axes, respectively. The positional graph demonstrates that the hand motion reaches its target (the elbow of the opponent whom is throwing the punch), just before its reaches its maximum height. Upon contact, the hand manipulates the momentum and directly deflects the punch direction. Based on the gradual and nearly constant slope in the velocity graph, the hand motion in Kaedah A exhibits ballistic movement. Ballistic movement involves spontaneous propulsion of the limbs, a class of point-to-point fast hand movement and characterised by straights paths and bell-shaped velocity [7] . This graph also illustrates that the hand speeds up at the initial point and slows down while approaching the target point and the velocity recorded at the peak location is 4 ms -1 . It is also observed that as the hand movement decelerates, its jerk value approaches zero.
Results and Discussion
The Bayesian Model opines that the human ballistic movement is a sequence of movements between objects and the environment [3] . Therefore, it is anticipated that the total actual execution time of Kaedah A is faster in real time or in quasi-training environment application due to the influence of the aforementioned hypothesis.
Conclusion
The objectives in analysing the efficacy of Kaedah A based on the total execution time as well as in describing the kinematic characteristics of the hand movement upon its execution have been successfully achieved. The understanding of the kinematic characteristics of Kaedah A is non-trivial not only for the practitioner in improving his or her performance but also to demonstrate the applicability of this martial art in the process of motor development. This work serves as an initiative in establishing data gathering and processing methods as a form of benchmarking in order to generate comparable results for future works.
